Abstract-In December 2009 the ATLAS experiment at the CERN Large Hadron Collider (LHC) recorded the first protonproton collisions at a center-of-mass energy of 900 GeV and this was followed by the unprecedented energy of 7 TeV in March 2010. The SemiConductor Tracker (SCT) is the key precision tracking device in ATLAS, made up from silicon microstrip detectors processed in the planar p-in-n technology. The completed SCT has been installed inside the ATLAS experimental hall. After the commissioning phase it arrived to the first LHC pp collision runs in very good shape: 99.3% of the SCT modules are operational, noise occupancy and hit efficiency exceed the design specifications, the alignment is already close enough to the ideal one to allow on-line track reconstruction and invariant mass determination.
I. INTRODUCTION
The "A Toroidal LHC ApparatuS" (ATLAS) [1] is a general-purpose high-energy physics experiment designed to explore the proton-proton collisions at the Large Hadron Collider (LHC) [2] . The LHC at the European Laboratory for Particle Physics, CERN, in Geneva, Switzerland is currently the world's most powerful particle accelerator. Placed 100 m underground in a 27 km tunnel, LHC is designed to collide protons with a center-of-mass energy of √ s = 14 TeV at a maximum luminosity of the order of 10 34 cm −2 s −1 . The unprecedentedly high collision energy along with the high luminosity at the LHC will eventually allow discovery of possible new physics effects at the TeV scale. ATLAS is constructed to exploit the full physics potential of LHC but will mainly focus on the discovery of the still unobserved Higgs particle, and on searches of supersymetry and extradimensions. The expected ATLAS physics discovery performance is presented in detail in Ref. [3] .
A cut-away view of the ATLAS detector is shown in Fig. 1 . With overall dimensions of 44 m in length and 25 m in diameter, ATLAS is the largest ever built high-energy physics experiment. It comprises three basic subsystems: the Inner Detector, housed in a solenoid creating magnetic field of 2 T, the Calorimetry system (hadronic and electromagnetic) and P. Vankov is with the Deutsches Elektronen Synchrotron, DESY at Hamburg, Germany. the Muon Spectrometer with its associated superconducting toroidal magnets applying magnetic field of 0.5 T.
The Inner Detector (ID) [4] of ATLAS is optimized to provide excellent momentum (σ pT /p T ∼ 0.05%p T (GeV)⊕1%) and vertex (σ d0 ∼ 10µm) resolutions for particles with pseudo-rapidity |η| ≤ 2.5. In addition, to cope with the high interaction rates and particle fluxes at the interaction region the ID is devised to incorporate high granularity, radiation hardness and fast responsiveness. As presented in Fig. 2 , the ID is composed of three complementary subsystems situated inside the 2 T solenoid: the Pixel detector, forming the inmost, closest to the interaction point layer of the ID, the SemiConductor Tracker (silicon microstrips) occupying the central ID region, and the Transition Radiation Tracker (TRT) (arrays of gaseous straw drift-tubes), at the external ID side. Each of the three ID components is built of a central barrel section and two end-caps in the forward regions.
II. THE SEMICONDUCTOR TRACKER
The SemiConductor Tracker of the ATLAS experiment has a modular design. It is built of 4088 silicon modules arranged in 4 concentric, barrel layers, and 18 end-cap discs. In total, SCT integrates area of 61 m 2 of silicon micro-strip sensors with 6.3 million readout channels. The SCT barrel part, consisting of 2112 modules, covers pseudo-rapidity region of |η| < 1.1 to 1.4, depending on the layer, whereas the end-caps, with 1976 modules in total, extends this region up to |η| < 2.5. The radius of the innermost barrel is 30 cm and the outermost barrel layer as well as the end-caps have radius of 56 cm. Along the beam direction (the z-axis), the length of the SCT barrel, centered at the interaction point (IP), is 160 cm. The two groups of 9 end-cap discs, identified as end-cap A and end-cap C are symmetrical relative to the IP. Along z, they are positioned on a distance of 85 cm to 272 cm away from the IP.
The general layout of the barrel and end-cap SCT modules is similar; the difference is primarily in the module's shape. The barrel modules are identical [5] , whereas the end-cap ones come in 4 different types [6] . All SCT modules are built of 2 pairs of silicon (p-in-n) microstrip sensors, glued back-toback at an angle of 40 mrad to provide 2D space-points, see The readout of the SCT modules is performed by six 128-channel ADCD3TA chips [7] on each side of the module, fabricated in the radiation hard technology DMILL. The data signals, processed by the chips are pre-amplified, shaped, discriminated (compared to a nominal threshold of 1 fC) and finally digitized; binary output is produced. The communication of the module with the off-detector electronics is realized through optical links, VCSELs, operating at 40 Mbits/s for the data readout. The opto-electronics used for this includes VDC chip [8] (drives the laser diodes) and DORIC4A chip [8] (receives the clock and command data from the light-sensitive diode).
For a successful 10-years operation at the harsh radiation environment at LHC, the SCT modules must withstand a 1 MeV neutron equivalent fluence of 2 × 10 14 cm 2 . To limit the radiation damage effects, such as reverse annealing and leakage current, and to decrease the noise levels, the SCT detector is cooled down to −7
• C (the end-caps), −2 • C to −1.5
• C (the 3 inner barrel layers) and 4.5
• C (the 4th outer barrel). The cooling is performed by evaporative C 3 F 8 -based system operating nominally at −25
• C. 
III. COMISSIONING, CALIBRATION, COSMICS

IV. SCT OPERATION
A. SCT operational status Figure 4 shows a summary of the disabled SCT modules, chips and masked strips during the collision runs in 2010. In total, 30 modules (out of 4088) are excluded of the configuration of the SCT in the 2010 physics data-taking. The reason is mostly in a leaking cooling loop in the endcap C, preventing 13 modules to be turned on. The rest of the modules are not operational due to connection problems with the low and high-voltage power supplies. The 33 disabled chips comprise 31 chips which are bypassed and 2 chips for which all strips are masked. The number of masked strips include strips that are defective or have high noise occupancy. Currently, 99.3% of the SCT detector is fully functional.
B. Operational issues
In May 2008 a cooling plant failure occurred, which put the SCT out of operation. The incident affected three out of the six compressors of the ID cooling-plant, which is common for the Pixels and SCT. Three months later, at the end of August 2008, the damaged compressors were replaced, and since then the cooling is functional.
During operation, sudden failures of the off-detector transmitter boards (Tx-plugins) started to happen. It was believed that this problem is caused by electro-static discharges at the VCSEL boards (used to transmit clock and commands to the modules). All broken VCSELs were replaced before the start of the 7-TeV collisions in March 2010. However, the issue reappeared a few months later. It is under deeper investigation now. For the time being a redundancy schema is used.
Another issue faced was the quality of thermal interface between the SCT barrel and the TRT causing SCT barrel to run at higher temperature.
V. SCT PERFORMANCE A. Timing
It is important to be sure that the SCT detector is well "timed in" with the trigger signal. Presently, SCT runs in anyhit-mode, i.e, it reads out three 25 ns time-bins (or 3 LHC bunch-crossings (BX)) around the ATLAS Level-1 trigger. A hit is recorded if the charge deposited on a strip is greater than 1 fC in any of these time-bins. Properly synchronized, the SCT must receive an accept trigger signal in the same BX as the collision products pass through it. This is achieved by applying delays to the trigger signal in order to account for the time-of-flight of particles and for signal propagation times. If SCT is correctly timed in then the hit-pattern should be: nothing in the first time-bin, over threshold in the second time-bin and no requirement for the third time-bin, which also suggests that the average time-bin should be a value between 1 and 2. In Fig. 5 the average time-bin for all SCT regions is plotted. All values are in the range [1, 2] , which demonstrates that SCT is accurately and uniformly timed in. 
B. Noise
The noise performance of the SCT is illustrated in Fig. 6 where the distribution of the (log 10 of) average noise occupancy per chip obtained with random triggers is presented with nominal values of the threshold (1 fC) and bias voltage (150 V). The dashed line indicates the TDR [4] noiseoccupancy requirement limit of 5 × 10 −4 . It can be seen that all the measured values are well below this limit. The inner and middle short end-cap modules are not shown since for them the average noise occupancy was below the sensitivity of the performed tests.
C. Data and Simulation
The number of fired strips per module side in a √ s = 900 GeV pp-collision run for all (barrel + end-caps) SCT modules is presented in Fig. 7 . The data is compared to a 900 GeV minimum-bias Monte-Carlo (MC)-simulated sample.
Both distributions are normalized to the number of events. Good agreement between data and MC is found for a wide range of number of strips. The discrepancy observed in the first bin is attributed to the lower levels of noise implemented in the MC (the MC is simulated with only one BX, while the data is with three BX's). Figure 8 shows the intrinsic hit-efficiency of the SCT barrel. The efficiency is extracted using reconstructed tracks. The tracks used, were required to have at least 6 SCT hits and at least 20 TRT hits. The efficiency is then derived as the ratio of the number of hits on a track and the number of expected hits. Disabled modules and chips are not counted and are excluded from the measurement. On average the barrel hit-efficiency is found to be 99.8% ± 0.1%. The end-caps showed similar hit-efficiency values. 
D. Efficiency
E. Lorentz angle
Another important quantity measured was the Lorentz angle, θ L . This is the angle by which charge carriers in the Si-sensor drift in presence of magnetic field. The Lorentz angle can be defined by measuring the track incidence angle leading to a minimum cluster-size (number of strips in a cluster). The measured mean cluster-size as a function of the incidence angle, in degrees, is plotted in Fig. 9 for the four layers of the SCT barrel. The Lorentz angle is then obtained by the position of the minimum of the distribution. Figure 10 shows the so obtained θ L for two 900-GeV collision-runs and one 2009 cosmic-run compared to the model-prediction value. As can be seen, the results for θ L are in good agreement (within 1σ) with the model prediction. When there is no magnetic field applied, the Lorentz angle is found to be in the vicinity of 0 degrees, as expected.
VI. ALIGNMENT
The SCT alignment for 2010 was performed using the collected in 2009 collision data-sets at √ s = 900 GeV. The alignment is already very close to the ideal one as demonstrated in Fig. 11 (barrel) and Fig. 12 (end-caps) , where the x track-residual distributions are shown for 7-TeV collision data compared to Monte-Carlo simulation with nominal alignment. The residuals are constructed as the difference between the measured x hit-position and the expected x position, as the latter is obtained via track extrapolation. The used tracks are reconstructed with the requirement of having at least 6 SCT hits and p T > 2 GeV. From the plots it is evident that the SCT is well aligned and its geometry approximates closely the perfect, Monte-Carlo-simulated geometry. This is of great importance for performing accurate tracking and invariant mass reconstructions. The reconstructed invariant mass of the K 0 s meson is shown in Fig. 13 as an example.
VII. CONCLUSION
The ATLAS SemiConductor Tracker is fully functional, with more than 99% of operational modules. Its performance is more than satisfactory, showing moderate noise-levels, high intrinsic hit-efficiency and good agreement with the MCsimulation description. Well aligned, the detector is in excellent condition and meets the design specifications. It has been successfully used in the 2009 and 2010 collision data-taking. 
